Green Falcon and Raptor UAV for remote gas sensing by Saini, Mandeep
This is the author’s version of a work that was submitted/accepted for pub-
lication in the following source:
Saini, Mandeep
(2015)
Green Falcon and Raptor UAV for remote gas sensing.
ARCAA UAV Remote Sensing Technical Reports, ARCAA-RS-2015-01.
Queensland University of Technology, Brisbane, QLD.
This file was downloaded from: http://eprints.qut.edu.au/89464/
c© Copyright 2015 Queensland University of Technology
Notice: Changes introduced as a result of publishing processes such as
copy-editing and formatting may not be reflected in this document. For a
definitive version of this work, please refer to the published source:
  
 
Abstract— This report documents showcases my 
learning experiences and design of Green Falcon 
Solar Powered UAV. Only responsible aspects will be 
discussed inside this report. Using solar power that is 
captured by solar panels it can fly all day and also 
store power for night flying. Its major advantage lies 
in the fact that it is simple and versatile, which makes 
it applicable to a large range of UAVs of different 
wingspans. Green Falcon UAV is designed as a 
supporting tool for scientists to get a deeper 
understanding of gases exchange amongst ground 
plane and atmosphere. 
 
Keywords— Solar Power, UAV, Green Falcon, 
waypoints  
I. INTRODUCTION 
Australia is a continent that experiences a variety of 
climates due to its land size; temperatures can range 
from below zero to extreme heat in the continent. 
Australia has also been voted this year the 10th happiest 
country in the world. In Australian National Parks and 
reserves, bushfire is one of the main hazards to the local 
communities. Bushfires is one of those major hazards 
that Australia has been dealing with for a long time. 
 
Fig. 1  A Bushfire Map on 23rd October, 2013[1] 
II. AIM AND MOTIVATION 
The use of UAVs combined with path planning and 
gas sensing is now an active area of research [2-5]. The 
Green Falcon UAV project is a scientific tool that can be 
used to detect bushfires. It has many more applications 
related to real life emergencies including gas leaks, 
volcanos and disaster management. According to the 
statistics [3] Australia has increased its CO2 emissions in 
the past few years. This increases the need for a better 
analysis of the emission changes and their effects. Green 
Falcon UAV is designed to measure these emissions and 
provides a better understanding of their effects. Green 
Falcon UAV is designed as a supporting tool for 
scientists to get a deeper understanding of gases 
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exchange amongst ground plane and atmosphere. The 
aim of Green Falcon UAV is to demonstrate the abilities 
and functionality of the UAV in various types of flight 
test scenarios.  
III. LITERATURE REVIEW AND HISTORY 
The ability of an aircraft to fly for longer period on 
variety of missions and flight paths has become a key 
issue and a necessity. Long duration or endurance 
applications are increasing include bush fires, border 
surveillance, power line inspections etc. These 
applications can be feasibly supported by using solar 
powered planes and UAVs. Solar panels have increased 
a lot of potential for renewable or green power 
production. 
 
Solar power is generated by capturing sunlight and 
converting it into electricity using photovoltaic (PV).  
PV is a basic method used to convert sun radiation into 
electricity using solar panels (made up of solar cells).  
 
Solar power has not only benefited different industries 
but lot of focus has been shifted towards household 
technologies. In daily life at home solar panels are used 
in many applications including ventilation using solar 
power, swimming pools with solar heat, solar water 
heaters, powering home with solar energy etc. 
Inside aerospace industry there have been many solar 
powered planes throughout the history but the first solar 
powered flight took place at Camp Irwin, California on 
4th November 1974 as it can be seen below. The sunrise 
I contained a wing span of 9.76m, weighed 12.25 kg and 
from its 4096 solar cells which provided the output of 
450 watts it managed to fly for 20 minutes. This flight 
duration around that time was a great success but that 
didn’t stop mankind to not take at its best. 
 
Solar planes in the 21st century have evolved 
significantly; a project has been underway for longer 
than a decade to design a solar powered plane that could 
circumnavigate around the globe only on solar power by 
a fixed wing pilot and it took its first flight on 3rd 
December 2009 it’s called “Solar Impulse”.  The project 
has been taken by a Switzerland university called “Swiss 
federal Institute of Technology in Lausanne” and the 
idea behind the entire project came in 1999 from two 
gentlemen who flew around the world in a balloon 
“Brian Jones & Bertrand Piccard”. 
 
Since 1999 their team has been working hard to prove 
themselves right those impossible things can happen and 
if you dream big it can come true. So far Solar Impulse 
has had very successful flights all across Europe around 
2009 but the second prototype (HB-SIB) has been flying 
across America this entire year providing with great 
flight endurance even at night. It has set a new world 
record in manned solar flight and how it can be pushed 
to its limits. 
 
TABLE I 
SPECIFICATIONS 
Wingspan 63.40 m 
Weight 1600 Kg 
Length 21.85 m 
Motors 4 x Brushless 
Each producing 10 hp 
Solar Cells Monocrystalline 
11,628 Cells 
Average Speed 70 km/h 
Take-off Speed 44 km/h 
 
Unmanned Aerial Vehicle (UAV) or commonly 
referred as drone is an aircraft without a pilot on board. 
Ordinarily UAVs can be securely piloted from a ground 
control station but are designed to fly autonomously 
with a pre-programmed flight plan. All kinds of UAVs 
are fitted with different components depending on its 
design requirements.     
 
As first introduced to the world they were majorly 
used in army and war environments. They were 
designed to work inside hostile environments where a 
human’s life should not be risked. They are ordinarily 
launched from a runway but small scale UAVs are hand 
launched or by using a launcher (Similar to a catapult). 
 
UAVs has also evolved extensively, these days they 
are heavily used in scientific research collecting huge 
amounts of data performing variety of missions 
including Search and Rescue missions, conservation of 
wildlife, forest fire detection, navigation and mapping 
etc. UAVs have become many countries necessity and 
are also majorly used inside Australia for scientific 
research and helping the local communities to improve 
and live a better lifestyle. 
 
UAVs are and can be used for wide range of operation 
like mentioned above; a similar approach is been taken 
by Queensland University of Technology and its 
research facility called Australian Research Centre for 
Aerospace Automation (ARCAA). 
 
As it has been mentioned solar power is great source 
of power, this can be used for propulsion and UAV is a 
great tool for completing an autonomous mission. So far 
in this industry not many have integrated these two 
technologies together. The main objective of the project 
is to power the UAV using solar power and charge the 
batteries; which then can be used for night flying. The 
idea is to have a green or self-sustainable UAV which 
can be used for many different operations in daily life 
emergencies. 
IV. DESIGN 
Design is a crucial stage of any project no matter the 
size. Design is ordinarily consisted as the challenging 
part of the entire project. It is where the theoretical 
aspect has to be met with the hardware acquired. 
Hardware must be integrated in the utmost professional 
manner to achieve the requirements. A similar approach 
was taken to design Green Falcon UAV. Since it is a 
project which has been running for more than a year 
only completed (responsible) aspects of the project will 
be discussed and are divided into two separate phases 
(Phase 1 and 2). 
 
Design of the solar powered UAV has been kept 
consistent with some minor improvements throughout 
the timeline of the project. The Green Falcon UAV 
consists of four main subsystems, avionics, modular 
solar powered wing, gas sensor system (payload) and 
power system; all these systems play a huge role in 
UAV’s operation. All four subsystems are shown in 
figure 2 inside the system architecture diagram. 
 
Fig. 2  Solar Powered UAV (Impulse II) Architecture  
The mission designed for the UAV in the first phase 
of the project is shown in figure 3.  
 
 
Fig. 3  Designed Mission 
As multiple UAVs were designed during the project 
timeline, all the generalised components will be 
discussed next in separate sections.  
 
V. AVIONICS 
The Avionics subsystem consists of many parts such 
as, autopilot, failsafe, remote control (RC) receiver, GPS, 
airspeed sensor, servos, electronic speed controller (ESC) 
and telemetry system. The modular solar powered wing 
contains encapsulated solar cells which are soldered in 
series. The payload contains a Nano sensor and its 
controlling platform named Fleck (Microcontroller). The 
power subsystem consists of a maximum power point 
tracker (MPPT), power path manager (PPM) and a 
battery charger all of these tasks are performed by one 
single board (BQ24650). 
 
Autopilot is the brain of the UAV without its smart 
and fast decisions the aircraft would have trouble flying 
autonomously with optimal control.  An autopilot has a 
number of functions which are vital in maintaining a 
stable and controlled flight. A load of information and 
data is required to operate a stable flight; that data is 
received from different types of sensors and 
communication devices. Sensors on board include gyro, 
accelerometer, magnetometer and IMU. Sensors off 
board the autopilot include telemetry system, GPS, 
airspeed sensor etc. to provide an optimal control for 
UAV. 
 
It’s a complete open source autopilot system. It is 
based on the bestselling technology that won the 
prestigious 2012 “Outback Challenge”. APM2.5 [7] is 
easy to configure and no external assembly is required. 
It can also turn any fixed wing, rotary wing or multi-
rotor vehicle into a fully autonomous vehicle. APM2.5 is 
capable of performing programmed GPS missions by 
using waypoint navigation with APM mission planner 
(GCS). 
 
Hardware on board the APM includes 3-axis gyro, 3-
axis accelerometer 3- axis magnetometer, barometric 
pressure sensor for altitude, 5Hz GPS module, Voltage 
and current sensors for battery status, 4 Mb of on board 
data logging memory; and built-in hardware failsafe 
processor. GCS (APM Mission Planner 1.2.36) setup for 
APM2.5 is not a hassle, it’s designed to give the user 
more control and less responsibility. 
 
The uBlox LEA-6 is a low power, low cost, small and 
light weight GPS. This GPS operates at 5 Hz update rate 
and uses the same interface as the telemetry system 
which is the RX, TX, GND and 5V. The GPS plugs in 
directly to the GPS port on the autopilot. Fail safe and its 
required components are designed to safely and securely 
fly the UAV prepared for the worst scenario example 
loosing telemetry, power loss on board autopilot, GPS 
signal loss etc. If a telemetry signal by any chance lost in 
flight on APM2.5 failsafe mux board has an entire 
functionality designed for that. 
The basic functionality of the failsafe board is it has 
two modes; mode 1 only allows the RC signals through 
the board to output of the control surfaces where mode 2 
only allows the APM2.5 signals through.  
 
Communications is one of the vital components of the 
UAV. When flying autonomously it shall always report 
all telemetry and sensors information back to GCS 
where it can be observed and any action can be taken if 
necessary. Two types of communication devices were 
acquired for this particular project. Starting with RC 
controller for manual take-off and landing. Another vital 
component of communications system is telemetry 
module. It was required that this telemetry module shall 
report all telemetry and information from autopilot to 
GCS at all times in a flight. A high performance 
telemetry module was purchased called RFD900 modem 
[8]. The RFD900 is lightweight, small and also 
compatible with APM2.5. It has a great advertised range 
of >40 Km depending on the modem setup. The project 
only required a maximum range of 1 Km in this case it 
should operate extremely well. The air module RFD900 
uses a standard RX, TX, GND and 5V interface 
configuration where the ground module also uses a 
similar configuration but through a FDI to USB cable as 
shown above. 
 
GCS (APM Mission Planner 1.2.36) setup for 
APM2.5 and 2.6 is an easy interface, it’s designed to 
give the user more control and less responsibility. In an 
emergency when RC signal is lost or telemetry signal, 
failsafe mode for the UAV must be developed that can 
be controlled from GCS by click of the finger. The 
mission planner is the main GUI (Graphical User 
Interface) of the autopilot where all the configurations 
and tuning is done through this interface. It also displays 
vital aircraft information during a flight such as, position, 
speed, altitude, signal strength, battery consumption and 
usage. 
  
Every UAV or an RC aircraft which is not powered 
by an engine requires an electrical power source to 
power the brushless or brushed motor for propulsion. 
Different types of batteries can be purchased from hobby 
stores or RC manufacturers including NiMH batteries 
(Nickel Metal Hydride), LiPo (Lithium polymer), Li-ion 
etc. 
 
All batteries that were used in the project on different 
UAVs were lithium polymer batteries due to their 
unique design of storing power and light weight. Also 
most components made these days for small scale UAVs 
require to be powered by LiPo batteries. All types of 
batteries that were used inside different UAVs are all 
listed inside the system architecture of each UAV. 
 
Solar cells acquired for Green Falcon UAV were 
polycrystalline (Multicrystalline) solar cells. These solar 
cells provide efficiency of 15-17% depending on the 
environment. These cells were assembled into panels 
according to the wing dimensions. Panels were then 
installed on the wings very carefully not damage the 
structure of the cells. 
 
Achieving longer flight duration is vital for a solar 
powered UAV; in basic terms power keeps the UAV in 
the air. Therefore it must be carefully managed and 
maximum efficiency must be achieved. The chosen 
power management board is manufactured by Texas 
Instruments and is called BQ24650. The bq24650 is a 
highly integrated switch-mode battery charge controller. 
It provides input voltage regulation, which reduces 
charge current when input voltage falls below a 
programmed level. 
 
VI. PHASE 1 
Green Falcon UAV is an ongoing project, it was 
initially started in 2010, but the design is changed 
throughout the years. As coming into the project in 2013 
only the responsible milestones of the project will be 
briefly discussed in the section below. Different types of 
airframes were configured during the entire timeline of 
the project. In the starting phase (phase 1) Impulse II and 
FPV Raptor were configured to perform various types of 
missions. Impulse II was required to be designed as a 
solar powered UAV where FPV Raptor was designed as 
a testing platform for flying and avionics testing 
purposes. 
FPV Raptor being a testing platform the aims and 
flight plans were not that complicated for this UAV. 
Once configured it was required to perform an RC flight 
first then completing that it shall perform an autonomous 
flight in a square shape pattern of the waypoints at the 
testing site. 
 
 
Fig. 4  FPV Raptor System Architecture 
Impulse II as mentioned was designed to perform 
various missions. Aim of the UAV configuration 
illustrated inside  fig ?  is to test the performance of a 
self-sustaining UAV. The designed mission for the UAV 
can be seen above The mission will start by UAV taking 
off manually, it will then fly autonomously over the gas 
source where it shall circle above and repeat the 
circulation at different altitudes (100 ft, 200ft, 300ft, and 
400ft). 
VII. PHASE 2 
Phase 2 of the project started as the semester 2 in July 
of 2013. This time circumstances and project aims were 
different. Phase 1 was completed successfully so 
therefore it was time to start the new design of next 
generation solar powered UAV. Before starting to work 
on the design it was required that a testing platform from 
phase 1 shall be configured with a gas sensor for 
validating the concept of next generation solar powered 
UAV.  After the testing has proved and given great 
performance results new airframe shall be configured to 
carry out further testing. 
 
A gas sensor was required to be assembled on board 
the FPV Raptor platform. The whole concept behind 
assembling the gas sensor was to build a platform that 
can autonomously sense gas and record it data on board 
or wirelessly transmit it to the GCS. The gas sensor 
acquired to perform this task was hired time to time 
from a company called RKI Instruments. It is the 
smallest gas sensing monitor that senses 4 different 
types of gases including LEL, O2, H2S and CO is called 
GX-2009 [6] .  
The project strictly concentrated on sensing CO since 
the previous UAV was sensing CO2. Aim of this 
platform was simple; it had to perform the same mission 
as Impulse II but detect CO and without the ground 
sensor network. A source would be created on the side 
of the test site and gas sensor first shall be tested on the 
ground then put on board the UAV. Once in the air it 
shall perform an autonomous mission as mentioned 
above with a good stability and control  
Another UAV designed in the second phase was Rival 
Abachi. Goals aims set for Rival Abachi was simple and 
clear. It had to perform an autonomous flight without 
any difficulties or any interference. It shall perform an 
autonomous flight with flight paths similarly taken by 
the FPV Raptor with the gas sensor. Basically it had to 
do perform an autonomous flight with a flight path 
similar to a shape of number “8”. 
 
VIII. TESTING 
A project at this scale requires a lot of initial testing 
and bench testing. Constant modifications were done to 
the system. Most of these bench tests included autopilot, 
telemetry, failsafe, GPS and some hardware in loop 
(HIL) simulations using the autopilot and FlightGear 
Flight Simulator as the simulation software. All the 
UAVs were first tested on the ground before putting 
them in the air. Therefore they were all put inside the 
simulator software called FlightGear Flight Simulator. 
 
FlightGear is easily compatible with the chosen 
autopilot APM2.5 and its GCS APM Mission Planner. 
The smallest RC plane Rascal RC inside FlightGear was 
chosen to fly at a random location and with provided 
waypoints. 
 
Results received from the simulator were great and 
gave the confidence to continue further testing.  The 
overshooting of the turns can be fixed by increasing the 
diameter or radius of the waypoint. Increasing the radius 
makes the UAV turn as soon as it enters the circle. 
Therefore it will start turning as it enters the circle and 
will turn safely to the next waypoint. 
 
Another major component of the initial testing 
included numerous tests on the roof. Testing on the roof 
included power generation and consumption testing 
where performance of the solar panels was tested. These 
tests would usually result in extra modification or tuning 
of either the solar panels or the power management 
board.  
 
Motor of the Impulse II was tested various times over 
and over. The HP220 motor is designed for a glider 
airframe and has great reviews. Some measurements 
were needed to be taken like RPM on the % of throttle. 
After performing the test it was reviled that 2400 RPM 
are given at 50% throttle and 4000 approximately was 
given at 100% throttle. 
 
 
A bench test was done to theoretically determine the 
maximum range which can be achieved with the 
RFD900 Modem. The main specifications of the system 
have been shown below in a table form. The test was 
performed following the Standard Operating Procedure 
document created for the telemetry system. The main 
setting menu required for configuring the telemetry 
module inside the APM mission planner (GCS). The 
signal strength was 11% and that only affects the data 
reporting back to the GCS NOT the performance of the 
APM 2.5. Judging the performance there was a delay in 
the data reporting of about 1 second or 1.5 second being 
2 km away in a car which is great news. 
 
Many initial tests were performed prior to flight test 
to make sure that safety is considered as the biggest 
concern. Many Risk Management documents were 
written along with Standard Operating Procedures (SOP) 
to safely operate all the hardware and complete a safe 
testing. 
 
 Flights were completed in an order so that all the 
missions can be performed in different flights rather than 
just one. It was not safe to risk everything on one flight 
or first flight. 
 
Fig. 5  Flight Modes 
A. Phase 1 
As the plan stated it shall fly in RC only in the first 
test, it flew in RC first and performed great. Now it was 
time to test the FPV Raptor in autonomous mode with 
waypoints navigation. 
 
Fig. 6 Waypoint Mission 
As it can be seen above performed waypoint mission 
and after completing 3rd waypoint the next desired 
location of UAV is pointed towards the home position 
after completing the mission, where it was manually 
landed with care. Flight path shown above demonstrates 
lot of information. 
 
Another airframe tested at the same test was Impulse 
II. The tests were performed in the same order as before; 
roof tests gave great results earlier so the UAV was 
ready for flight test. RC test was carried out first with 
the setup of another wingspan rather than using the solar 
wing in the first test due to safety concerns. 
 
Fig. 7 RC Launch 
First phase of the green falcon was devoted to 
building and testing the performance of the solar 
powered UAV but circumstances can change. A testing 
platform was also built to especially test the avionics 
and the integration of RC gear. FPV Raptor performed a 
RC flight first followed by an autonomous flight. 
Observing the flight path above it is understandable that 
it was not tuned precisely in first phase but still flew 
quite smoothly.  
 
Another UAV designed in the first phase was solar 
powered UAV. UAV designed in phase 1 was tested 
with a pair of new wings first due to safety concerns. 
After performed its required mission in RC the gas 
sensor was installed on board the new wing for safety 
testing. Both tests went well, these tests provided the 
confidence to go ahead and test the solar powered UAV.  
 
 Solar Powered UAV was tested successfully with 
facing some minor problems. As mentioned above test 
went smoothly. The gas sensing mission was also 
performed by using the GCS for circulation pattern 
flying. As the gas sensing system was operating on the 
same frequency band as telemetry for autopilot (915-928 
MHz). Interference was noticed inside the system due to 
servo motors not be stable. Also the range of the gas 
sensing system was limited to 0.5 km.  
 
B. Phase 2 
As mentioned above second phase of the project was 
very critical. Two platforms needed to be assembled and 
tested thoroughly. FPV Raptor was already tested in the 
first phase but circumstances were changed due to the 
requirement of being a gas sensing platform. Also 
mentioned above is the GX-2009 gas sensor that was 
installed on to the airframe for gas sampling. When 
everything was installed and avionics was configured 
entire weight of the UAV was increased. An extra 130.4 
grams were added which did not help the autonomy but 
instead made it worse. 
 
Fig. 8  Gas sensor on-board 
A fire was first created to initialise the testing. This 
fire was made following the SOP document designed by 
another team member. After making the fire a ground 
test sampling test was carried out to observe the sensor 
sampling. The desired gas that was targeted to be 
sampled was CO (Carbon Monoxide). 
 
Fig.9  Gas sensor results on ground 
The results from the ground tests are shown above. 
Red curve in the graph is highlighted as CO curve and 
green curve as CH4 (Methane). All samples are 
measured in PPM units (Parts per million). Graph shown 
above demonstrates how sample (CO) is measured 
constant for a while that happened due to the source 
providing constant smoke and the sensor being in one 
position. 
 
Google earth plots are generated by the UAV flight 
path that was taken. Two positions marked on the figure 
10  show the home position where the UAV took off 
from and source position where the fire was situated. 
 
Fig. 2  Waypoint Mission performed and plotted inside 
Google earth 
It is demonstrated above that UAV circles around the 
source to collect samples and the lowest point of the 
flight path is at the source to achieve the most sampling 
possible.   
 Fig. 11  Gas sensor airborne results 
Sensor results collected in the air are illustrated above 
in PPM units scale. The peaks on the graph show the 
increase in CO sensing as it circle around the source as 
also shown in the map above. Every single peak inside 
the graph is circulation of the UAV and time when UAV 
was above the source. The biggest peak was shown at a 
time of 14:48:38 PM, it sensed the most CO this gives 
an indication that gas source was lit up the most at the 
time. 
 
Rival Abachi flight was also tested at that time on the 
test site but without the gas sensor. Two missions were 
aimed to perform an RC and autonomous flight with 
different patterns of waypoints. 
 
 
Fig. 12  Rival Abachi 
 
The UAV was lunched and RC test completed 
successfully. Waypoints were written to the autopilot 
wirelessly after the RC test was completed to conduct a 
mission as shown below. A mission was setup as a shape 
of circle to test the tuning and performance of the UAV. 
The circle was 100 meters in diameter and was made up 
of 21 waypoints. 
 
Fig. 13  Waypoint Mission (Circle Shape) 
  The figure 13 shows the completed mission circle. 
As the figure demonstrates UAV did not go on the circle 
exactly the reason behind that is the loiter radius, loiter 
radius is ordinarily set to larger than what the user UAV 
can safely turn. It was set to default radius of 40m.   
 
 
Fig. 14  Performed mission plotted inside Google earth 
A KML (Keyhole Markup Language) file is also 
developed by the GCS and is plotted inside Google earth 
to show the flight path in more detail and clarity as it can 
be seen in figure 14. 
 
After completing the circle mission another mission 
was setup to fly in a shape of number 8. As it can be 
seen below on GCS waypoints were set to draw the 
shape of an 8 and mission was carried out similar to the 
previous mission. 
 
 
 Fig. 15  Waypoint Mission (8 Shape) 
GCS has shown the completed mission in figure 15  
and by observing the flight path one particular thing that 
look unusual is after waypoint 11 it appears the UAV 
has skip some waypoints and gone straight from 11 to 15. 
That was caused due to telemetry stopping for 1 second 
and coming back live, this explains why the path looks a 
little uncompleted. 
 
 
Fig. 16  Performed mission inside Google earth 
Just like the last mission another KML file was 
created for this mission also. This was then plotted 
inside Google earth to find the flight path of shape 8. As 
it is shown figure 16 the UAV took off and was 
eventually put inside auto mode to follow the waypoints 
as shown figure 16  the red colour represents the 
autonomous mode. 
 
The previous figures also demonstrate the flight path 
followed but he UAV and also the top part of the path 
not being a circle. As mentioned earlier that part was 
performed as planned on the GCS but the telemetry 
stopped transmitting for one second that stopped sending 
the information back to GCS which included the flight 
path information. 
 
 Two UAVs were designed in the second phase of the 
project. Both platforms were thoroughly tested at the 
flight test. A gas sensing platform was designed to 
sample and record the CO concentration values while 
flying autonomous. Another platform was designed to be 
autonomous with great manoeuvrability and stability so 
when in the future solar powered wing is ready it can be 
easily installed on board.  
Gas sensing UAV (FPV Raptor) performed extremely 
well at the fight test and checked every single 
requirement. It provided with great results of CO graphs 
on the ground and in the air. Looking at the graph it 
proves it is a legitimate data, ground sample shall be 
constant due to the sensor not moving where in the air it 
shall only sense a massive spike as it hovers or circles 
over the sampling point. Another UAV designed in the 
second phase was required to fly autonomously. It has 
performed extremely well at the flight test. It has proven 
to be fully autonomous and tunned. 
 
IX. CURRENT AND FUTURE WORK 
Solar cells for the next generation solar powered UAV 
were purchased. They were all soldered and then 
assembled into panels with the installation of 9 cells in 
series as illustrated in figure 17. 
 
Fig. 17  Solar Cells configured into panels 
Soldering the solar cells in series provided the project 
with a great advantage. The series connection of the 
cells increases the voltage and keeps the current constant 
where parallel connection of the cells increases current 
but not voltage. The cells provide 0.5 open circuit 
voltage with 1160 mA current which then outputs 
around 0.435 watts. The soldering process was repeated 
12 time and 12 panels were produced. All this work was 
done for the next generation solar powered UAV. Now 
the panels were done a wing needed to be designed for 
the panel’s configuration. 
 
Therefore a wing was designed using Solidworks with 
same old airfoil. The wing design is shown in figure 18. 
 Fig. 18  Solar Wings Design 
This wing is currently under construction and will be 
until December 2013. Wing building is long process 
every component glued takes time to set and requires 
long rest period. When wing building is finished with a 
complete wing, solar panels will be installed. This panel 
will be taken to the roof for various tests. These tests 
will be testing the solar panel efficiency and flight 
endurance to build an improved and higher sustainable 
UAV. 
X.  CONCLUSIONS 
Green Falcon is an ongoing project, many 
developments and improvements will continue to 
happen as the design keeps evolving. The project is on 
schedule to build and test the performance of next 
generation solar powered UAV. Many types of UAVs 
were built and tested during the Green Falcon project 
timeline. All testes performed well and ticked off every 
single requirement. This thesis presented a new 
methodology for the design of solar powered UAV. It 
has the advantage to be very versatile and usable for a 
large range of applications as mentioned above. The 
project objective has been satisfied and the theory 
behind the solar powered UAV design has been verified. 
Future improvements could be made by purchasing 
improved efficient solar cells and building a customised 
fuselage to fit the avionics. Other improvements can also 
include different Nano gas sensor which produces less 
drag and has a powerful communication system.  
Green Falcon solar powered UAV has a great 
potential as a project and many possibilities in the real 
world for different applications.  
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